Background: Invasive and non-invasive tests have been used to identify the risk of ventricular tachycardia (VT) in patients with chronic Chagas' heart disease (CCHD). Cardiac magnetic resonance imaging (CMRI) using the delayed enhancement (DE) technique can be useful to select patients with global or segmentary ventricular dysfunction, with high degree of fibrosis and at higher risk for clinical VT.
Introduction
Ventricular tachycardia (VT) is a common complication of chronic Chagas' heart disease (CCHD), resulting from ventricular fibrosis and dysfunction [1] [2] . Up to 70% of the patients with CCHD have sudden cardiac death (SCD) (annual mortality rate between 0.2% and 19.2%) 1, [3] [4] [5] . In such patients, recurrence of VT is considered the cause of death [2] [3] . Cardiac magnetic resonance imaging (CMRI) using the technique of delayed enhancement (DE) has proved to be an important marker of risk in both ischemic (IHD) and non-ischemic (NIHD) heart disease 6, 7 . In such patients with structural heart disease, clinical VT and left ventricular ejection fraction (LVEF) ≤ 40% are two important independent predictors of cardiac death [8] [9] [10] [11] [12] . On the one hand, non-invasive and invasive tests, such electrocardiographic alterations of the disease [right bundle branch block (RBBB) associated with left anterior hemiblock (LAHB)], referred to the service between April 2004 and November 2007. Individuals with the undetermined form of the disease were excluded from the study. The study protocol was reviewed and approved by the ethics committee of the local institution and all patients provided written informed consent. Patients cared for at the emergency unit due to clinical VT and resuscitated from SCD due to VT were included in the VT group. Patients with no history of events associated with VT, asymptomatic or with symptoms of heart failure, were included in the group without VT (NVT). Patients complaining of either unexplained palpitations or syncope were assessed by use of non-invasive tests and underwent EPS. Those who showed no VT induction were also included in the NVT group. Ischemic heart disease was investigated in all patients by use of coronary angiography or 64-slice multidetector computed tomography (CT) 23, 24 .
From the initial sample, six patients were excluded due to claustrophobia or poor-quality imaging, and three others were excluded due to significant coronary artery disease. The final sample comprised 41 patients with segmentary abnormality of the left ventricle (LV) and positive DE in CMRI. Twenty-six patients comprised the VT group, and 15 patients the NVT group. All VT group patients were referred to our service due to clinical VT for VT radiofrequency ablation and/or prevention of SCD by use of implantable cardiodefibrillator (ICD). Seventeen patients complained of palpitations (13 in the VT group and four in the NVT group) and 15 patients had dyspnea (nine in the VT group and six in the NVT group). Five patients in the NVT group were asymptomatic. The patients' characteristics and variables are shown in Table 1 . 
CMRI
The patients in this study underwent CMRI for functional assessment and DE analysis after intravenous infusion of 0.2 mmol/kg of gadolinium tetraazacyclododecane-tetraacetic acid (Dotarem®, gadoteric acid, Guerbet Produtos Médicos, Rio de Janeiro, Brazil) to detect areas of fibrosis. The procedures were performed on a 1.5 Tesla system (Sonata, Siemens, Erlanger, Germany) with the patient in the supine position. Images were recorded in two steps by using repeated 10-20-second sequences of apnea. Images of long and short axes were obtained from the apex to the base for the cardiac function study by using the following parameters: repetition time, 3.0 ms; echo time, 1.5 ms; imaging matrix, 256 x 128; field of view, 300-400 mm; slice thickness, 8 mm; slice spacing, 2.0 mm; and flip angle, 60°. The DE images were performed with 8 mm of thickness on a short axis, from the LV base to the apex, 5-20 minutes after the administration of gadolinium using the following parameters adjusted for each case aiming at nullifying the normal myocardial signal: repetition time, two RR intervals; excitation time, 4 to 4.8 ms; imaging matrix, 256 x 192; field of view, 300-400 mm; slice spacing, 2.0 mm; flip angle, 30°; and inversion time, 200-300 ms.
Analysis of the images
Data were analyzed in an off-line work station (Leonardo, Siemens Inc, Berlin). The myocardial wall underwent planimetry on all short-axis images to determine LV volume, diameter, ejection fraction, and mass (density = 1.05 g/cm 3 ). The CMRI determined the size of infarction by use of the DE images, and that was demonstrated as the percentage of LV mass (%LV). That distribution of the segmentary and transmural measure has also been recorded. The images were analyzed by two independent observers separately and blinded to clinical data. The LV was divided into 17 segments by using a standard method 25 . The DE images were classified by use of visualization techniques with short and long axes. The DE protocol was visually classified as subendocardial, endocardial, subepicardial or transmural. The total mass was estimated by using two methods: score and planimetry. At first, to facilitate the extension of the transmural DE, the mass of fibrosis was calculated by use of the score method described by Comte et al 26 . Each segment was attributed a degree (from 0 to 4) according to the transmural DE extension as follows: 0 = 0%; 1 = 1% -25%; 2 = 26% -50%; 3 = 51% -75%; 4 = 76% -100%. Transmural DE was defined as the presence of DE in 75% of the cardiac segment. The resulting score was the sum of the degrees attributed to each segment. The maximum possible score of the participants in this study was 68. The total DE score for each patient was later divided by 68 and multiplied by 100, providing the percentage of ventricular fibrosis. Later, the second technique of enhancement quantification by use of planimetry was also applied to all short-axis images. Dynamic images of cine MRI were used to determine or exclude the presence of apical fibrosis. Consequently, DE images were assessed on the long axis for better visualization and quantification of apical fibrosis, and added to the result of the standard planimetry. Finally, the final result was automatically expressed in grams by the program and manually converted to percentage in relation to total ventricular mass. The results of the DE masses were later statistically compared. In parallel, the distribution and extension of transmural lesions were considered.
Statistical analysis
Descriptive statistics are presented for quantitative and qualitative variables as follows: mean ± standard deviation (SD) for quantitative variables, and percentages for qualitative or categorical variables. Regarding the quantitative variables, differences between the groups were assessed by use of analysis of variance (ANOVA). The chi-square (χ 2 ) and Fisher exact tests were considered for the categorical data. Linear regression was used to assess the agreement between observers in quantifying DE, while the planimetry and score methods were compared by use of the Bland-Altman analysis. The variables were adjusted by using the multivariate regression model to determine the independent predictors for the occurrence of VT. Then, the hazard rates (HR) for each significant factor were calculated with 95% confidence interval (CI). The statistical significance level adopted was P < 0.05.
The authors had full access to data and were responsible for their integrity. All authors read the written text and agreed with it. No funding was provided to this study.
Results

Clinical characteristics
The clinical characteristics of the participants in this study are shown in Table 1 . Of the 41 patients with CCHD, 30 (73.2%) were men and the mean age was 55.1 ± 11.9 years. Twentynine (70.7%) patients were grade I of the New York Heart Association functional classification (NYHA-FC). Syncope was reported by 22 (82%) patients in the VT group, and by only five (33%) patients in the NVT group. In those NVT five patients, the EPS was negative (no antiarrhythmic effects).
Findings of CRMI
All patients had areas of DE. The DE volume showed no significant difference between both groups: VT group, 30.0 ± 16.2%; NVT group, 21.7 ± 15.7%; p = 0.118. On rest electrocardiography (ECG), the DE showed no correlation with the following: QRS prolongation; RBBB; LAHB; and left bundle branch block (LBBB) (tab. 1). A difference was found in LVEF: VT group, 36.2 ± 14.5%; NVT group, 45.5 ± 12.7%; p = 0.046. A typical rest ECG and morphology of clinical VT for CCHD are shown in Figure 1 . An EPS was performed in 23 (88%) VT group patients. However, in only five (19%) patients, mapping could confirm that the site of VT origin coincided with the transmural lesion. In the other cases, no hemodynamic stability was sufficient to allow appropriate mapping of the VT origin site. The measurements of the DE volumes determined by the two observers using the score (R2 = 0.40; p < 0.001) and planimetry (R2 = 0.74; p < 0.001) methods were compatible. The BlandAltman analysis showed correlation between the planimetry and score methods (R2 = 0.46; p < 0.001; fig. 2 ). Figure 3 shows the typical findings of the DE distribution in our case series. Delayed enhancement predominated in both inferolateral basal and apical segments of the LV in 29 (70.1%) patients. In the VT group, DE was apical in five (19%) patients transmural lesions. On univariate analysis, that new variable significantly correlated with the occurrence of clinical VT. Such pattern of distribution was found in 19 VT group patients (73.1%) and six NVT group patients (40.0%) (p = 0.036). The multivariate regression model adjusted for LVEF ≤ 40%, age, sex, and DE percentage showed that two or more transmural segments were predictors of VT (RR 4.1; 95% CI: 1.06 -15.68; p = 0.04; table 2). The observers agreed regarding the presence or absence of that distribution pattern in 41 (100%) patients with significant reproducibility (p < 0.001). This contiguous and compact distribution pattern of DE and transmural fibrosis was present in the apical segment of 13 VT group patients (50.0%) and five NVT group patients (33.3%), and in the infero-lateral basal segments of ten VT group patients (38.5%) and eight NVT group patients (53.3%) (p = 0.385). Figure 6 depicts the 
Distribution of DE
Simultaneous segmentary and transmural analysis and events in clinical follow-up
Transmural lesions were more prevalent in the VT group (n = 70, 79%) than in the NVT group (n = 19, 21%), p = 0.082. All VT group patients had transmural lesions. We created an additional categorical variable composed of a combined analysis of transmurality and the segmentation characterized by the presence of two or more continuous segments containing frequency and preferential distribution of the transmural lesions of the patients studied.
For a mean 500 ± 303-day follow-up, NVT group patients with no transmural lesions and those with less than 6% of ventricular segments myocardial fibrosis showed no events. However, three patients of that same group with at least one transmural lesion had SCD during clinical follow-up, and two of them were totally asymptomatic. The third patient had undergone EPS, during which no VT was induced.
Discussion
The result of our study shows that the presence of two or more contiguous segments with transmural fibrosis was an independent predictor of VT in CCHD. Such finding was associated with a 4.1-fold greater risk of developing VT. This indicates that CMRI with the DE technique can improve the identification of patients with CCHD and at high risk for VT. To our knowledge, this is the first study comparing the transmural extension by segments and the occurrence of VT.
Substrate analysis
Ventricular fibrillation and VT are considered the most common causes of SCD in CCHD 1, 3 . Fibrosis and reentry are the most important substrates and mechanisms for VT in that group, respectively 2, 27 . The CMRI with the DE technique provides an excellent correlation with fibrosis 18, 19 , including the identification of the inflammatory process due to CCHD via endocardial biopsy 28 . Such findings support the hypothesis that CMRI can be an important tool for assessing fibrosis in CCHD. The applicability of CMR for risk stratification in clinical practice has been studied by other authors. In IHD, Wu et al 29 have shown an increase in the occurrence of events with an increase and greater extension of DE in patients with more than 18% of DE. In IHD, Kwong et al 8 have shown, even in patients with low DE volumes (mean of 1.4 ± 1.1%), a seven-fold increment in the rate of events as compared to that of patients without DE. A DE volume > 15%, infarction area > 100 cm 2 30 and DE involving 26% to 75% of the ventricular myocardial thickness 31 were predictors of VT inducibility.
However, specifically in CCHD, transmural fibrosis areas seem to be necessary for the occurrence of clinical VT. Rochitte et al 6 have studied 51 patients with Chagas' disease by use of CMRI and included patients with the undetermined form of the disease. In that study, 68% of the patients had DE, which was more marked in VT group patients.
The present study included only patients with myocardial fibrosis, segmentary abnormality, and compared patients with and without clinical VT. One hundred per cent of the patients had detectable DE, and all patients with VT had transmural lesion, confirming the findings by Rochitte et al 6 .
-Typical findings in patients with CCHD. Image on the short axis: late diastole (A) and late systole (B). Hypokinesis and thinning of the inferolateral basal wall (red arrow). Delayed enhancement image on the same plane shows transmural fibrosis in that site (arrow) (C). Four-chamber view: late diastole (D) and late systole (E) showing left ventricular dilation, thinning of the inferolateral basal wall, and apical hypokinesis (red arrow). Delayed enhancement image on the same plane shows transmural fibrosis and small apical transmural thrombus (arrow) (F). Left ventricular outflow tract image (G, H, I) during diastole
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* Logistic regression analysis identified the variable "2 or more contiguous transmural segments" as an independent predictor of clinical VT; RR -relative risk; CI -confidence interval; DE -delayed enhancement; LVEF -left ventricular ejection fraction.
Figure 5 -Segmentary analysis of DE distribution according to the percentage of ventricular wall impairment. Lesions affecting 1% -25% of the wall thickness were more prevalent in both groups. The second most common lesion was transmural. The analysis of the fibrosis pattern regarding its distribution along the ventricular wall in isolation showed no difference.
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In addition, one typical pattern of DE, expressed by the presence of two or more contiguous transmural segments was significantly associated with VT. Such findings have shown that the DE analysis, myocardial fibrosis quantification, and identification of transmural lesions, especially when such lesions are coalescent, forming extensive fibrosis plaques that occupy at least two contiguous segments, can identify a group at higher risk for VT.
Clinical impact
Until the present date, no diagnostic test in isolation has been able to identify patients at high risk for the occurrence of VT. Clinical VT and LVEF ≤ 40% are known to be the most important independent predictors of cardiac death [9] [10] [11] [12] . Recently, a new score method for risk stratification has been validated to identify patients at high risk for death by using the following clinical data: NYHA-FC > II; male sex; abnormalities of wall motility on echocardiography; presence of non-sustained VT on 24-h Holter; cardiomegaly on chest radiography; and low voltage on rest ECG 32 . On the other hand, invasive tests, such as EPS, have shown a low power of inducibility, reproducibility, and positive predictive value (PPV) 13, 33, 34 . In a study with patients with CCHD, the EPS showed PPV and negative predictive value (NPV) of 24% and 98% for clinical VT, respectively. Inducibility had PPV and NPV of 46% and 85% for cardiac mortality, respectively 35 . In another study, inducibility of non-tolerated sustained VT in a patient with CCHD after previous impregnation with class III Delayed enhancement and risk of ventricular tachycardia
Figure 6 -Schematic drawing of the segments most commonly affected by transmural lesion in both VT (A) and NVT (B) groups. Example of a VT group patient with
55% LVEF, NYHA-FC I, syncope and unstable VT (C). Note the extensive and contiguous area of fibrosis. Example of a NVT group patient with 36% LVEF, NYHA-FC II, no clinical VT, and no inducible VT on EPS (D). Note small and non-contiguous areas of fibrosis.
antiarrhythmic drugs (amiodarone and/or sotalol) had PPV and NPV of 49% and 94% for SCD, respectively 36 .
Cardiac magnetic resonance imaging improves the identification of patients with reduced LVEF and extensive and compact fibrosis, for whom an individualized treatment could be indicated 37, 38 , considering that patients with CCHD are usually younger 1,31 than those with IHD 37 , and, in such patients, SCD can be the first event 1, 31 . The visual method used in this study can be easily applicable and reproducible. In addition, the high correlation index between observers regarding the identification of more compact, transmural and extensive fibrosis indicates that the method can be routinely used in clinical practice.
Limitations
Some study limitations should be reported. First, the impossibility to prove that clinical VT originates from the same site of the transmural lesion. An electrophysiological method to prove the relation between VT and anatomical fibrosis should be required. However, the correlation between the 12-lead ECG during VT and its origin is low.
Second, patients with unexplained syncope and palpitations were included in the NVT group after noninvasive investigation and an EPS without VT induction. However, no method can safely and definitively exclude VT in patients with structural heart disease.
Third, apical lesions are frequently seen in patients with CCHD. Such segments are not easily visualized on the short axis, and, thus, cannot properly undergo shortaxis planimetry, representing a change in the technique of fibrosis quantification 26 .
Fourth, the small number of patients enrolled in the study, in addition to a very wide CI for determining the relative risk and the specific characteristic of involving severely ill patients (more than 50% with history of VT and 100% with DE), leads to the conclusion that the PPV and the relative risk of this series are overestimated. The current method, if applied to a larger and asymptomatic population, can evidence lower PPV and relative risk for the occurrence of VT. However, our findings are in accordance with those of the literature. Fifth, no analysis of events could be performed due to the sample size of the NVT group and the low incidence of short-term events in CCHD. Further studies are required to confirm our findings.
Conclusion
This study indicates that CMRI improves risk stratification of patients with CCHD and identifies those more susceptible to VT. In this group, the identification of two or more contiguous segments of transmural DE is associated with greater probability of clinical VT. Such finding evidences CMRI as an important tool to identify patients with CCHD at higher risk for VT, characterized by the presence of ventricular dysfunction and an extensive area of transmural fibrosis occupying at least two coalescent segments. Further studies are required to confirm such findings and should include asymptomatic patients in the long-term clinical follow-up.
